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ABSTRACT 

We discuss in detail a factorization property of Regge slopes be- 

tween ordinary and new hadrons proposed earlier. This is supported ex- 

perimentally in a known case, and the (tensor) I)*” mass in this scheme 

is predicted to be (2.43~ 0. 04)GeV. In addition, we obtain relations be- 

tween boson slopes and baryon slopes with four flavors. By combining 

these with the slope factorization property, we can then actually predict 

all of the baryon slopes. Predictions for both the boson and baryon spectra 

are also given. 
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I. INTRODUCTION 

Recent discoveries of new hadronsi strongly suggest a new degree 

of freedom (charm’* 3, in particle physics. This new degree of freedom 

also leads to the prediction of a rich spectrum of additional new hadrons. 

Hence we need a dynamics for these new hadrons. It has been known for 

some time that the concept of duality for hadrons in the sense of finite- 

energy sum rules (FESR) has convincing experimental support. 4 Before 

charm was found, it turned out to be very useful to combine the quark 

model with duality in order to construct a consistent hadron dynamics. 

Since charm has now been found, there is a great need for a new hadron 

dynamics to accommodate charm in the duality scheme of hadrons. 

There are many similarities as well as differences between the ordinary 

and the new hadrons. One of the differences is that the Regge slopes of 

the new hadrons appear to be smaller than those of the ordinary ones if 

one approximates the $- x trajectory by a straight line passing through 

the +(3098) and the Jp = 2+ x(3550), which are exchange degenerate each 

other. As is well known, one can write a dual amplitude explicitly when 

the slopes of the Regge trajectories are equal in both the s- and the t- 

channels. When the two slopes are different, however, the B4 amplitude 

of the Veneziano type would lead to an increasing exponential behavior as 

s approaches infinity at fixed angles even in the physical regions.5 This 

might throw some doubt on the possibility that the new hadrons could be 

related to ordinary hadrons through duality. 
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This difficulty could be overcome in the following way. ’ Callan et - 

al 7 
2’ and Schnitzer and Kang* have suggested an interesting possibility 

some time ago, in order to understand the difference in the slopes of 

ordinary and new hadrons in the resonance regions. They took a string 

picture of hadrons9 in which a quark and anti-quark with finite masses 

are attached by a massless string, and considered the rigid rotation of 

such a system. This would give rise to the leading Regge trajectory if 

quantized. If one considers the +- x Regge trajectory as the CC system, 

for example, the slope of the $- x trajectory is small for low spins since 

one can make the nonrelativistic approximation while it would approach a 

universal slope at high spins since the c-quark mass would be negligible 

compared with the energy of the string in that region. Thus, the slopes 

of the new and ordinary hadrons will both approach a universal slope at 

infinity even though these slopes are different in the resonance regions 

(see Fig. 1). If this is the case, the new and ordinary hadrons could be 

related through duality without contradicting Mandelstam’ s arguments5. 

It is not yet known, however, how to construct an explicit dual model 

for arbitrary trajectories in practice even if it is possible in principle. 

Suppose we can approximate trajectories by straight lines at low and 

moderately high energies and consider the FESR duality connecting a sum 

of s-channel resonances to the t-channel Regge poles in these regions. A 

B4 amplitude connecting any pair of trajectories in the s- and t- channels 

satisfies this duality. Expanding such an amplitude at moderately high 

energies and imposing the factorization property of Regge residueslO 
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we were led to a new factorization property II,12 of Regge slopes relating 

ordinary and new bosons and also one 11 relating ordinary and new baryons. 

This paper is an expanded version of Ref. 11, and in addition includes 

new predictions and applications. By requiring a definite signature for the 

u-channel A in the (u, t) and (u, s) dual terms for rN+rrN as well as for all 

possible combinations of external particles with four flavors, we obtain 

relations between boson slopes and baryon slopes. Thus we can calculate 

the actual magnitudes of all baryon slopes by combining the slope 

factorization property with the above relations connecting baryon slopes 

with boson slopes. We then obtain rich predictions for the baryon spectrum 

as well as the boson spectrum. 

In Sec. II, we give a derivation of our factorization property for boson 

slopes. We also show that the factorization property continues to hold 

even in the presence of a finite number of satellite terms. In Sec. III, 

we derive the factorization of baryon slopes. We show that the results 

still hold seven when parity doublets in the resonance regions are eliminated 

by a finite number. of satellite terms. In Sec. IV, we derive relations 

between boson slopes and baryon slopes. Sec. V is devoted to experimental 

comparisons. We test our predictions for boson slopes in a known case. 

We also calculate the magnitude of the slope for each boson and baryon 

spectra. In Sec. VI, we give concluding remarks and discussions. 
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II. FACTORIZATION OF REGGE SLOPES--BOSONS 

For simplicity we first consider meson-meson scattering in order 

to derive a factorization property of Regge slopes relating ordinary and 

new bosons. 

Suppose we take the following reactions 

Dis- p+DB, DE- p - mr, Tl* - p -+ lrrr 

Then the t-channel and p-pole residues have to factorize 
10 

in the t-channel. 

‘DnpDB (t) . Prrirprr$) = PDBpTJt) 2 1 (2. I) 

Let us choose the ~+rr- scattering amplitude to he 

+- 

A 
TTTl 

(s, t) = -A B4(cup(s 1, ap(t )) > (2.2) 

where cup(t) denotes the p - f trajectory function and B4(x, y) G 
l-(1 - x)lY(l - y) 

rt1 -x - y) . 

Then we obtain 

P T~p~n(t) = .(YpJ”b ‘Yp(t) . (2.3) 

Similar considerations for the DE and rrD scattering amplitudes 6. Immediately 

lead to 
13 

P,,-,,$) - rca;ct )) “$ 
aup(t) 

(2.4) 
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PDDpTa(t) fw T(J (t)) “L::: 

apw 

P 
(2. 5) 

up to a constant factor. Here CY’ J1 (aDi,) denotes the slope of the J1 - x(D’: - D”*) 

trajectory, which is assumed to be linear up to moderately high energies 

(Fig. 11. Substitution of Eqs. (2. 3);’ (2.4) and (2. 5) into Eq. (2. i) leads 

us to 

(a$) 
ape) 

(a ') 
LYPR) 

( (Y 5,: 
apw 

nope)) +-ii7-= 
QP [ 1 

2 

D’) 
nap(t)) 

which must hold for any value of t. Therefore, we must have the relation 

czp; = (aI;*) 
2 

(2.6) 

(2.7) 

It is to be noted here that constant factors in front of the B4-function 

also have to factorize. 

Moreover, we can show that this relation continues to hold even if 

the amplitudes include a finite number of satellite terms. 

Let us write the X+TT-, Dfn- and D+D- scattering amplitudes as 

Ar’+lf- (np(s ), up(t) ) = _ 2 2 x ~~ rp - apk+))T(m - ap(t)) 
12.8 I 

m =1,2,... n zrn nm r 
( 

n - ap(s) - up(t) 
) ’ 

AD+n-(aD>$/. ) @Pet) = - 2 5 A “,“, r&@~;;e~‘j~ ; ;p:;” , 
m =1,2,... n >rn P 

(2.9) 
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N N 

AD+‘c+ ep(t)) = - 2 

n - a Js))lTjm - (Y (t)) 

1 $! F(Fcn +)i- Qp(t’;, . (2. IO) 

m=1,2,... n’m 

Each term in the sums contributes to the leading behaviors in s at high 

14 
S. Considerations similar to those we had before immediately lead us to 

P mpm(t’ = TI 

P - DDprrr 
(t) =lr 

N 

: 1 

a?J -1 ‘m - * a (t’ 
I P 

m nzrn 
T/i -m+ap(t) ’ @p , (2.11) 

i ) 

N 

f,, 1 

P&-l F - I (Ypct 1 

m n2m 
r’i -rn+~~(t) 

( 
. (y’ * 

) D 
, (2.12) 

N ,D5 
(-ljrn - 1 

PD~pDjp = n ii: c 

ape) 

Q 
‘+ . (2. 13) 

m n’m 
m + cdp(t)) ’ 

Substituting these into Eq. (2. i), we are led to 

czp(t) @ (I) 
‘LY$ (Yp’ ) = (aD:;‘2) p ) (2.14) 

as well as a similar factorization for the remaining part. It is to be noted 

here that these two relations must hold separately because of their different 

functional forms. Hence we again obtain Eq. (2. 7) this time from Eq. (2. 14). 

Using the p-residue factorization for the reactions DE + p -C D-6, 

Da- p+KEandKg+p - KE as a second example, we obtain another new 

relation 
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(0 “: ’ ) 
2 

Lyi . a($’ = F’ (2.15) 

Similar considerations for I&? + p + KE, I@ + p - ~l~l and TIN + p + TTT~ 

lead to the relation 

a4 . “p’ = (or,,‘)2 . (2. 16) 

The &residue factorization for Fi? + 4 -c FF, FF 7 4 - Kl? and Kl? - I$ - Kl? 

does not lead to a new relation but reduces to Eq. (2. 7). Similarly, the 

JI factorization through FF + + - FF’,’ FF -+ $ + DE, DB * $ - DE reduces 

to Eq. (2.16). Thus we have three independent relations without any 

inconsistency. 

III. FACTORIZATION OF REGGE SLOPES--BARYONS 

We shall now turn to a discussion of meson-baryon scattering with 

four flavors. Suppose we can write the (s, u) dual term for the invariant 

amplitudes A (1) (s, u) and B(‘)(s u) Is’ 4 , . (Here, the superscript I denotes 

an isospin index in the u-channel. ) The parity-conserving helicity amplitudes 

free from kinematical singularities in the u-channel are then expressed 

in terms of A(‘) and B(I) as follows: 

:(‘)%i, S) = 7 (A@) + MB(‘)) _ hj;i#) 
. (3.1) 

Here F “(‘)+(fi, s) =fEu- M,/8&)f2’(fi, s) , g(I)- =((Eu + M)/S+f,‘(fi, s) 

*(I’* and F (&i, s) includes only the TP = f u-channel Regge exchanges in 
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--J(I)- F 

the leading order in S. Discussions similar to those in the previous 

section immediately lead to the factorization properties for baryon-Regge 

11 
slopes. 

Here we start from the general case in which both the A 
(I’ and B(I) 

include a finite number of satellite terms. The dual terms for the A(‘) 

function which give the leading Regge behavior s ag(uJ - f for large s 

at fixed u can be written as 

N 
*(I) = - 

f 1 
ANI) T(p -~~Blw)r(q - ~Bq 

Pq rp-z 

q = 0,1 
( 

B1(s’ - ZBh,) 

, . . . P’9 

where ?? =(Y B B - f, and u B is a baryon trajectory function. Similarly, 

we can write 

N 
Bu) = - 

F 1 
XB(I) r(P - FB1 b))r(q - cy,(u)) 

pq r P - aBib) -F~(u)) ( 
q = o,i,...p 2 q 

Substitution of Eqs. (3.2) and (3.3) into Eq. (3. i) give6 

(3.2) 

(3.3) 

= - t f p$ - (di - M’Agy “:,p~!$‘pyy” . (3.4) 

q =0,1,... p 2 q 

Expanding the imaginary part of Eq. (3.4) at moderately high energies in 

the sense of Ref. 13, we have 
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W)- 
ZB(U) F (u) 

ImF s: large 
s B, 

with 

p) 
(43 = n ; 

9 

; jg’ - G- “,kIy r(y);;;B(“)) . 

P ‘9 

(3. 6) 

--(I)- 41)- 
Denoting the F for a + b + B - d + c in the u-channel as F (ab -B +dc), 

we can write 

Z,(u) z (u) 
ImF “u)-(ab -B -dc) s B . (3.7) 

Here Bi was replaced by brsince mBl is a baryon trajectory in the bF 

channel . 

Suppose we take the reactions ab -c B -f ba, ab + B -*c and cd - B - dc -. 

in the u-channel (Fig. 2). Then the u-channel B-pole residues have to 

factorize” 

ZBb) FB(U) 

a& * y %!7 cd - B - dc “dE 

2 

y%m 
ZB(U, 

ab - B - dc “dE 1 . 
Since the functions Yap _ B _ dc and c$‘~~‘“’ are completely 

(3.8) 

different, the following two relations have to hold separately: 
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y(1) ma, _ B _ ba . Y%qd - B +dc = c Y(l)(fi)ab -r B +,dc)2 . (3.9) 

Dbb 

ZB(U 1 
ads’ 

ZBW 
= (YbE’ i 

FB((u) 
I 

Therefore, we are led to 

. 

(3.10) 

(3. ii) 

It is to be noted here that this relation still holds even when parity doublets 

in the resonance regions are eliminated by a finite number of satellite 

terms. 

Let us consider each of the cases which arise when 7P = - and 

the u-channel B baryons are composed of four flavors: 

a. A exchange 

(3.12) 

Suppose we take the reactions rrN + A- Nrr, TN - A- XK, 

KC - A - CK in the u-channels. Then Eq. (3. ii) gives us a relation 

“A ‘. “=+I = (a,*‘)2 

between s-channel baryon slopes. As we shall see later (Sec. IV), this 

kind of relation applies both to the octet and the decouplet. Similar 

considerations for TN + A 4 Nn, 7N + A - CE, aC -c A + CD immediately 

lead to 

1 . cy :.:I = (a 2 
cuA x’ ($1) . (3.13) 
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il: 

b. Y exchange 

We obtain 

a 
Y 

;,’ * cy 
n’ = 

(Ly’ )2 

;r ‘L 
from IrC +Y --err, irz -Y + z,K,’ KS +y”.+~ K, and 

cy Y :2 . 
“xs ;J 

= (as.:‘? 

:; ” -- :$ 
from ~2 + Y +crr, rrc- Y - SD, DS - Y - SD. 

::: 
c. C exchange 

Here we have 

m 
C 

:;:’ . (y 
T 

:;I = (a& )2 

:I; * *,. 

from TC -C -f CT, rrC - C -SK;,, KS+ C. + SK+ and 

:*’ * 
0’ 

(CT ::;I ) 
2 

c! a = 
C X 

* 
from nC+ C -f Cir, rrC+ C;” -c Xij, L?X- C9’ -Xl?. 

d * .s exchange 

The ~“’ -residue factorization for ??Z -“; 
i: 

-+ CK, KC+s” + SF and 

7% --“; 
>k 

+ S?? does not lead to any new relation but leads to Eq. (3. 13). 
:‘; 

e. X exchange 

i; 
Similarly, the X factorization for DC - X*-t CD, DC + X“ -SK 

” 
and KS- X + SK leads to Eq. (3.12). 

(3.14) 

(3.15) 

(3.16, 

(3.17) 
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f. S exchange 

There is no new relation. 

g. ~2 exchange 

- -I The Q factorization for -& -+ Q + EK, K; + D+ Te and FT - 0 + TF 

gives us Eq. (3.15). 

h. 0 exe hange 

The factorization for DX + 0 + XD, DX * 0 + X,F and FXs + 0 + XsF 

leads to Eq. (3.16). 

:* 
i. T exchange 

i: 
Eq. (3.17) is obtained through KS + T * STi, iiS + T* - xsF, 

FXs - T” + Xs Ffactorization. 

iii 
j. Xs exchange 

Similarly, Eq. (3.14) is obtained through DS -f Xs” 
::; 

-SD, DS -X S - TF, 

i; 
FT-X + TF factorization. S 

Thus the above baryon exchanges with all possible combinations of 

external particles lead us to a set of results where in each case one of 

the six relations (3. 12). (3. 13), (3. 14), (3. 15), (3. 161 (3. 17) holds between 

u-channel baryon slopes. If we twist the final states, we obtain relations 

between t-channel boson slopes. In each of the cases mentioned above, 

we also obtain one of the three relations (2. 7), (2. 25), (2. 46) derived for 

meson-meson scattering in Sec. II. 

It is interesting to notice that these six relations manifest the 

factorization of quark numbers for each flavor, i. e. , we have the foll~owing 
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kind of re!ations 
17 

for baryon slopes with four flavors: 

( u 
plsql,crl)(up3sq3cr3) = (J2sq2cr2) (3. 18) 

We may visualize the various baryon slopes in Fig. 3 as a consequence 

of Eqs. (3. 12) theough (3. 1.7). At this stage, hourever, the magnitudes of 

the baryon slopes have not been predicted, We shall show in Sec. IV that 

one can relate baryon slopes with boson slopes and so one can predict each 

baryon slope by combining these with the slope factorization property. 

IV. RELATIONS BETWEEN BOSON SLOPES AND BARYON SLOPES 

We require a definite signature for the u-channel A trajectory in 

the (u, t) and (u, s) dual terms for nN scattering since the A has a definite 

signature. 
49 A (u, t) term of the form 

B4(zA(“), LYP(t)) - (4. ’ ) 

Z*(u) ZF (“) 
which behaves as F (i - ZA(u))apl sA 

13 
for large e at fixed u, 

and a (u, s,l term of the form 

B4(FAa(u), Z,(s)) (4. 2) 
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F*(u) F (u) 
which behaves as I?(1 - ZA(~))~h’ 8 * for large s at fixed u. 

generate a negative signature if n ,cA(“) = ~ ,=A(“) 
A 

for all values of u. 
P 

Therefore, we must have the relation 
18 

up’ = Ly A’ (4. 3) 

It is to be noted here that generally there exists a (u, s) term of 

the form B(?F~(u), ZI~*N*(S )) (N* = NLY _ y) in addition to the B(FAtu), FA(e)). 

1 We will show the following relation to hold: 

OP’ 
= (y ’ = (y ;*.I 

A NC (4.4) 

Suppose we consider a combination of terms 

B4(ZAW, ep(t)) - C aB4(FA(u), ZA(s ,>+ bB4(ZA!ul. FN:k(s 1) 
3 

(4. 5) 

r(~ _ i;lu~~s~.~(“i[~p,~4(“‘~ _ e-iniiAlu)]anA,z~(“) + baN,;,‘F4iUi;] , 

s: large 

with a + 0, b # 0. In order to have a negative signature for the 4, we must 

have 

?, = a(%Jf”’ + b(%#u) 
(4. 6’ 

If one assumes ~2~’ I ap’ t cuN;k’ I cvp’, one can easily arrive at a contradiction. 

On the other hand, if one assumes LY~‘/(Y 
P 

1 p CY~:;:~/~ 
P 
1, one can easily show 
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that this quantity has to be equal to unity. Thus, we arrive at Eq. (4.4). 

As long as the quark number for each flavor in any baryon is the same, 

this equality has to hold. 

Similar considerations with all possible combinations of external 

particles with four flavors lead to the following relations: By requiring 

a definite signature for the u-channel A in the B 4 
( 
i;,(u), UK& 1 and 

> 
B 

4 h ( 
a (u), z 

Y’ > 
;,:(s) terms for rrN + KZ, we obtain 

CI :*’ 
K 

=(Yi;’ . 
Y 

A similar requirement for the .& in the B4 (Z&(U), (Y $(t)) and 

B4 (ZA(u), ?&is )) terms for KZ -+ KC, leads to 

Similar considerations for the 4 in the B ,(F4(u 1, aD::(t I) and 

B4(F&(u). ZC+(s)) term for rrN -f i5C give us 

(Y *’ 
D 

=a::;’ . 
C 

(4. 7) 

(4.8) 

(4.9) 

We also obtain 

a "-1 = 
F 

(Y ,,:I 
S’ (4.30) 

from the B4(FA(u), e,-(t)) and B4(3&(u), Zs<:(s)) terms for Kt: -j?%Z, and 

“11, ’ 
= (y :;g’ 

X (4. 1 I ) 
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from the B4(ZA(u), a,(t)) and B4( 3 ,& (u), TiTx:l;(s) 
> 

for EC- i%. 

The other baryon slopes a0’, ax i,:‘, cuT::‘, a&, which are not 
S’ 

directly related to boson slopes, can be calculated using Eqs. (3. 14). 

(3. <.5), (3.16), (3. 17Lrespectively. Hence, by combining all. of the above 

properties, we can calculate the actual magnitudes of all the baryon 

slopes from boson slopes. 

V. PREDICTIONS AND THE NEW HADRON SPECTROSCOPY 

A. Bosons 

We first test our predictions (2. 7), (2. 15) and (2. f6) for boson slopes. 

20 i; 
We approximate trajectories such as I!J - X, 

~ _ f’ , K _ K:=: 
in terms 

of straight lines passing through the corresponding pair of resonances, 

and the p trajectory by connecting the p and g mesons. Then we have 

the following values for these boson slopes (in (GeV/c)-‘) using masses 

from the Partic1.e Data Group: 2 4. 

* ’ = 0.88 
P 

a'~&' 
K' 

= 0.82 

(5.1) 

c-2 ’ 
4 

= 0.79 

a ’ 
G 

= 0.33 
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The left-hand side of Eq. (2. 16) is evaluated to be (0. 79)(0.88) = (0. 83J2. 

Thus, Eq. (2. 1,6) is well supported experimentally within the experimental 

errors. The relations (2. 7) and (2. 15) are difficult to test directly at 

present. Assuming Eq. (2. 7) to hold and using the values in Eq. (5. 11, 

one can deduce 

(Y ,’ 
D 

= 0.54 

:‘: 
of we assume CUD::(S) to be linear and M(D ) =2. 01. GeV, I 

we can predict 
::;:; 

the (tensor) D mass to be 2.43 GeV (see also Ref. 22). The relation 

(2. 25) with the values of aJ,’ and @$’ given in Eq. (5. 1) predicts 

aF*’ = 0. 54. 

(5. 2) 

(5.3) 

We show the p, K“, 4 , D”, F”, IJJ trajectories as functions of M2 - !/IV2 

in Fig. 4. 

We now discuss the spectroscopy of the new bosons. Since the 

boson masses predicted in the present scheme are different from those 

in the conventional scheme, which assumes a universal slope, one can 

discriminate the two alternatives by experiment. Using the boson slopes 

given in Eq. (5. 2) and (5. 2) and taking masses 22 from experiment, we obtain 

the following trajectories: 
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“p = 0.47 + 0.88 s 

CY~:K:‘(S) = 0. 34 + 0.83 s 

“d(S) = 0.18 + 0.79 s 

crDe(s) = -1.18 +0.54s 

a(s) = 
ICI 

-2.17 + 0.33 s 

On the other hand, if one assumes 23 
a universal slope for all bosons, the 

trajectories are 

@p) = 0.47 + 0.88 s 

olK,;(6) = 0.30 + 0.88 s 

Ly (s) = 
4 

0. 08 + 0.88 s 

ctD” (s ) = -2.56 + 0.88 s 

a;(s) = -7.45 + 0.88 s 

(5.4) 

(5. 5) 

In Table I we give the predicted masses of resonances on the p, 

:: :; 
K , 4, D , IL trajectories respectively for the new scheme and for the 

universal-slope scheme. 
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B. Baryons 

We give here predictions for the baryon slopes. The use of Eqs. 

(4. 3), (4. 7), (4.8), (4.9), (4. lo), (4. 1”) together with the boson slopes 

given in Eqs. (5. 1), (5. Z’, (5. 3) immediately leads us to 

aA ! = 0.88 

cy *’ 
Y 

= 0. 83 24 

““1 = 0.79’ 

(5. 6) 

a& = 0.54 

(Y *’ 
S 

= 0. 51 

cux” ’ = 0.33 . 

The other baryon slopes, which are not direct1.y related to boson slopes, 

are cal.culated, using Eqs. (3. 14)~ (3. 17), to be 

“i-2 
’ = 0.75 

axs Q ’ = 0. 34 

(y i;’ 
T 

= 0.48 

(5.7) 

ue ’ = 0.20 . 

(In the case of uJ! = 0. 5 (Ref. ZO), see Ref. 25. ) 
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If we connect A(7/ 2+) and A(3/ 2’) to form the A trajectory, we 

obtain (Y ’ = 0. 88, which agrees with the predicted value in Eq. (5.6). 
A 

If we connect Yf”(7/ 2’) and Yf‘:‘(3/ 2+) to form the Y,“, we have a *’ = 0.91. 
:‘- 

If we connect Y4 (512-J and Yf‘:(3/2+),~ however, we obtain ay 
y1 

:::I = 0.83, 
1 

which agrees with the predicted value. More precise experiments are 

needed here. 

We are now in a position to discuss the spectroscopy of the new 

baryons. Using the above baryon slopes and masses, 
21 

we have the 

baryon trajectories: 

u*(s) = 0.16 + 0.88 s 

cry& 1 = -0.09 + 0.83 s 

o,$s) = -0.35+0.79 s 

a$Js) = -0.60 + 0.75 s 

Q&S) = -1.88 +0.54s . 

In Table II, we list the predicted masses of resonances on the A, 

Y 
:: -::; * 

1,; > Q, C trajectories respectively for the new scheme and for the 

universal-slope scheme. 

(5.8) 
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VI. CONCLUDING REMARKS AND DISCUSSIONS 

In this paper, we discussed in detail a factorization property of 

Regge slopes between ordinary and new hadrons proposed earlier. 
ii, 12 

The Eq. (2.16) relating slopes between ordinary and strange bosons 

appears to be well supported experimentally. The other relations (2.7) 

and (2.15) for charmed bosons are difficult to test directly at present. 
** 

As is seen in Table I, however, the (tensor) D mass in the new scheme 

is predicted to be 2. 43 GeV for case i) and 2. 36 GeV for case ii). On 
::; 

the other hand, the universal-slope assumption for the D trajectory 
?,c* 

predicts the D mass to be 2.28 GeV. If a resonance were to be found 

experimentally,, around (2.40 * 0.04) GeV for the Drr, DTT~, DJTHH system, 

it would be further evidence in support of the slope factorization property. 

The SPEAR experiments could clarify this point, According to the new 
*** 

scheme, the D (3-) would be found around (2.72 i 0.06) GeV rather 

than at 2. 51 GeV, as obtained from the universal-slope hypothesis. The 

SPEAR experiments could also clarify this point. As can be seen from 

Table II, the C1“(5/2-) (charmed baryon) is predicted to be (2.82 f 0.03) 

GeV in the new scheme. 

In conclusion, we emphasize that the accommodation of charm in 

the duality scheme leads to many interesting predictions. 
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Table I. Predicted masses of resonances on 
iii 

the p, K , 6, D”, $ trajectories for the new scheme and 

for the universal-slope scheme. 

Mass (GeV) 

::: :): ;:; ” I1 
J 

P 
P - A2 K -K tJ - f’ 

D _ D:C:,: ~ _ x 

case i) 
New scheme 
(a ’ IL 

= 0.33) 

case ii) 
New scheme 
(a*’ = 0.50) 

case iii) 
Universal- 
slope scheme 
(c-2 = 0.881 

i- 0.776 0.892 

2+ 1.32 1.41 

3- 1.70 1.79 

i- 0.776 0.892 1.02 2.01 3.10 

2+ 1. 32 1.41 1. 52 2. 36 3.41 

3- 1.70 1.79 1.89 2.66 3. 69 

i- 0.776 0.892 1.02 2.01 

2+ 1. 32 1.39 1.48 2. 28 

3- 1.70 1.75 1.82 2. 51 

i. 02 2.01 3.10 

1.52 2.43 3. 56 

1.89 2.78 3.96 

3.10 

3. 28 

3.45 
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Table II. Predicted masses of resonances on 
;:: ::; 

the A, Y1 , s , s2, CC trajectories for the new scheme and 

for the universal-slope scheme. 

Moss (GeV) 

Jp A 
* 

5 
* 

yi 
t-l 

case i) 3/z+ 1.23 1.38 1.53 1.67 2.50 
New scheme 
(LI x::l = 0.33 = (Y;, 5/2- 1.77 1.90 2.85 

7/z+ 1.95 2.08 2.21 2.34 3.16 

case ii) 3/2+ 1.23 1.38 1.53 1.67 2.50 
New scheme 
(a *’ = 1. 77 1.90 2.79 

X 
=0.50 CQ 5!2- 

712+ 1.95 2.08 2.21 2.34 3.05 

case iii) 
Universal- 
slope scheme 
(a' = 0.88) 

3t2+ 1.23 1.38 1.53 1.67 2. 50 

5/2- 1.75 1.87 2.72 

7/z+ 1.95 2.05 2.15 2.25 2.92 
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FIGURE CAPTIONS 

Fig. 1: 

Fig. 2: 

Fig. 3: 

Fig. 4: 

Schematic view of the boson trajectories: p - f, b - f’, 

i; *:‘- 
D -D and+ -x. All our considerations apply only 

to the low and mediately-high energy region s 5 sA. 

Reactions ab * B + ba, ab *B &dc and cd - B +ddc in 

the u-channel. 
:* 

TheA,Y,;. 
* _ “:, ~, c:k) s , T:k, g, g, 

0 trajectories 

as functions of M2 - (M3, 2:L)2. 

The p, K*, 4, D”, FQ, $. trajectories as functions of 

M2 - MV2. 
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